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© A piezoelectric sensor for detecting elastic plate 
vibrations in an object such as the transmission plate 
in a coordinate input apparatus is prismatic in shape 
and is fixed to the surface of the object. The pris- 
matic sensor is arranged so that it is parallel to the 
direction of propagation of the vibrations and has an 
electrode surface perpendicular to the surface of the 
object. The arrangement of the prismatic sensor 
permits the thickness of the object in which the plate 
vibrations propagate to be substantially reduced and 
reduces the manufacturing cost of coordinate input 
apparatus using the prismatic sensor. 



FIG. 9(A) 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a piezoelectric 
sensor for detecting a sound wave (vibrations) 
which propagates in an object to be measured, and 
a coordinate input apparatus employing such a 
piezoelectric sensor. 

Description of the Related Art 

Coordinate input apparatuses are known, which 
are designed to detect sound waves (vibrations) 
which propagate in all directions from a position on 
a measuring plate at which a user brings a pen 
having a vibration element into contact with a mea- 
suring plate and to determine a contact position of 
the pen by detecting a transmission delay time of 
the propagation. 

Such a coordinate input apparatus generally 
employs, as the vibration detection means for de- 
tecting vibrations, a piezoelectric ceramic, such as 
lead titanate zirconate (hereinafter referred to as 
PZT). The detecting element has a shape and a 
vibration mode which assure effective detection of 
a sound wave having a predetermined frequency 
and propagating in an object to be measured. In an 
actual element, the shape thereof is determined 
such that the mechanical resonance of the sensor 
coincides with the frequency of the sound wave to 
be detected, and the mode of the vibrations to be 
detected and so on are taken into consideration to 
determine the sensitivity of the element and the 
method of setting the element. In other words, the 
shape and so on of the vibration sensor are deter- 
mined by the vibration mode or the frequency of 
the sound wave which propagates in the object to 
be measured. 

Conventional piezoelectric elements will be de- 
scribed in more in detail below. 

Vibrations of piezoelectric ceramics are clas- 
sified into transverse effect vibrations in which the 
direction of an electric field (polarization) is per- 
pendicular to the direction of deformation and lon- 
gitudinal effect vibrations in which the direction of 
an electric field (polarization) is parallel to the di- 
rection of deformation. Figs. 8 (a) and 8 (b) show 
vibration sensors which utilize transverse effect vi- 
brations, and Figs. 8 (c) and 8 (d) show vibration 
sensors which utilize longitudinal vibrations. 

More specifically, the vibration sensor shown in 
Fig. 8 (a) is called a radial vibrator which deforms 
in a radial direction. In this vibrator, a diameter d of 
the disk must be sufficiently large relative to a 
thickness t thereof. The vibration sensor shown in 
Fig. 8 (b) produces vibrations of the bar and de- 
forms in the directions of a length I. In this vibrator, 



the length I must be sufficiently large relative to a 
thickness t and a width w to assure free expansion 
and contraction of the bar in the direction of the 
length I. In both cases shown in Figs. 8 (a) and 8 

5 (b), desirable values for I and d are at least ten 
times the thickness t. 

The vibrator shown in Fig. 8 (c) produces lon- 
gitudinal vibrations of the bar and deforms in the 
direction of a length I. In this vibrator, although the 

70 length I must be sufficiently large relative to a width 
w to assure free expansion and contraction, a 
length 1 which is three to four times that of the 
width w is used in an actual vibrator because of the 
floating capacity or the like. The vibration sensor 

75 shown in Fig. 8 (d) produces vibrations in the 
direction of a thickness thereof and deforms in the 
direction of a thickness t (the direction of polariza- 
tion). In this case, the area of the vibrator must be 
sufficiently large compared to the thickness t. 

20 As is clear from the foregoing description, the 

piezoelectric elements capable of detecting vibra- 
tions effectively have restrictions of their shape. 
This will be described in more detail with reference 
to Fig. 8 (a). The element's resonance frequency 

25 associated with the piezoelectric transverse effect 
is determined by the radial length d of the element 
while the element's resonance frequency associ- 
ated with the piezoelectric longitudinal effect is 
determined by the thickness t of the element. 

30 Therefore, if the resonance frequencies of both 
effects are close to each other, the vibration am- 
plitude of the element is small due to vibration 
mode coupling, making it impossible to obtain a 
sufficient electric output. That is, as the radial 

35 length d and the thickness t become close to each 
other, the electric output signal level is reduced, 
and the function of the element deteriorates. The 
ratio of the radial length d to the thickness t must 
therefore be sufficiently large. 

40 Various types of coordinate input apparatus 

utilizing the piezoelectric elements manufactured 
under the above-described restrictions have been 
proposed. Examples of such coordinate input ap- 
paratus include the one which employs a radial 

45 vibrator and the one which employs a columnar 
longitudinal vibrator. 

Further, it is known that how a piezoelectric 
element is mounted on the vibration transmitting 
plate serving as an input surface affects the level of 

so the detected signal. In an actual apparatus, the 
signal level when the piezoelectric element is set 
on the front surface of the vibration transmitting 
plate differs from the signal level when the piezo- 
electric element is set on the side surface of the 

55 vibration transmitting plate. 

However, the conventional coordinate input ap- 
paratus has the following disadvantages. 
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When vibrations are detected using the above- 
described types of piezoelectric elements, direct 
electrical connection to the element cannot be ob- 
tained because the electrode surface of the ele- 
ment is adhered to the object to be measured. 

Accordingly, it has been proposed to partially 
provide one of the electrodes of the piezoelectric 
element on the side surface thereof to obtain elec- 
trical conduction of the piezoelectric element from 
the side surface thereof using electrical conduction 
means. However, the provision of the side elec- 
trode greatly increases production cost in terms of 
the method and process of manufacturing the pi- 
ezoelectric element from a piezoelectric ceramic. 
Further, in an element having small size, the provi- 
sion of the side electrode reduces the distance 
between the side surface electrode and the other 
electrode, thus generating a problem involving in- 
sulation resistance (caused by application of a high 
voltage to the piezoelectric element in order to 
achieve polarization of the element). This makes 
manufacture of the element impossible. 

Electrical connection to the piezoelectric ele- 
ment may also be obtained through an object to be 
measured if the object to be measured to which 
the piezoelectric .element is adhered is conductive. 
However, in this case, the object to be measured 
must be made of a metal and a transparent mem- 
ber cannot be used to construct the object to be 
measured. In other words, it is impossible to pro- 
vide a coordinate input apparatus in which an out- 
put device, such as a liquid crystal display, is 
disposed below the coordinate input surface so as 
to allow the user to input a coordinate as if he or 
she is drawing a picture on a sheet of paper with a 
pencil. 

Where the coordinate input surface is con- 
stituted of a transparent plate-like member, such as 
a glass, printing an electrode pattern on the glass 
using a conductive ink or the like has been consid- 
ered. However, this increases the number of manu- 
facturing processes, thus increasing production 
cost. Moreover, the printed layer absorbs the 
sound wave, thus reducing the level of the de- 
tected signal (the entire efficiency). 

The above-described methods of obtaining 
electrical connection to the element have the fol- 
lowing disadvantages when they are applied to a 
coordinate input apparatus: whereas one of the 
electrodes connects through the object to be mea- 
sured (including the electrode pattern formed on 
the object to be measured), the other electrode is 
formed on the surface of the element opposite to 
that on which the one electrode is formed. Accord- 
ingly, the provision of means for making that elec- 
trode electrically conductive (which may be a lead 
formed by soldering or pressing provided by a 
spring) increases the thickness of the apparatus. In 



this case, the thickness of the apparatus is the total 
of the thickness of the plate serving as the object 
to be measured, the thickness of the sensor and 
the space required to take out the electrodes. 

5 If the above-described coordinate input appara- 

tus is applied to a portable apparatus (a pen input 
computer or the like) which has been drawing 
attention in recent years, it places restrictions of 
the thickness of the apparatus and adversely af- 

10 fects design thereof. 

SUMMARY OF THE INVENTION 

A primary object of the present invention is to 

75 provide a piezoelectric sensor which is capable of 
effectively detecting vibrations, particularly, an 
elastic Lamb wave which propagates in an object 
to be measured without requiring the object to be 
measured to be constructed in a special way, en- 

20 ables a thickness including that of the object to be 
measured to be reduced, and can be manufactured 
at a iow cost. 

A second object of the present invention is to 
provide a coordinate input apparatus which is ca- 

25 pable of effectively detecting vibrations, particu- 
larly, a Lamb wave without using a coordinate input 
plate constructed in a special way, enables a thick- 
ness thereof to be reduced, and is capable of 
detecting a coordinate at a low cost and with a high 

30 degree of accuracy. 

The present invention is directed to a piezo- 
electric sensor which is fixed to an object to be 
measured to detect Lamb wave vibrations which 
propagate in the object to be measured. According 

35 to the invention, the sensor has a prismatic shape, 
and is fixed to the object to be measured at a 
surface thereof substantially perpendicular to an 
electrode surface thereof. 

The present invention provides a coordinate 

40 input apparatus which includes a vibration transmit- 
ting plate, vibration generator which is brought into 
contact with the vibration transmitting plate to in- 
struct a coordinate position, and a plurality of pi- 
ezoelectric sensors fixed to the vibration transmit- 

45 ting plate at predetermined positions. The vibra- 
tions which propagate in the vibration transmitting 
plate are detected by the plurality of piezoelectric 
sensors, and a position instructed by the vibration 
generator is produced on the basis of a detected 

50 vibration transmission delay time. The piezoelectric 
sensor is prismatic, and is fixed to an object to be 
measured at a surface thereof which is substan- 
tially perpendicular to an electrode surface thereof. 
The piezoelectric sensor according to the 

55 present invention or the piezoelectric sensor em- 
ployed in the coordinate input apparatus according 
to the present invention is prismatic, and is fixed to 
the object to be measured at a surface thereof 
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which is substantially perpendicular to an electrode 
surface thereof. In this way, an electric signal can 
be readily obtained from the electrode, and an 
increase in thickness of the apparatus due to the 
provision of the electrode of the sensor can be 
eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the feature of the present inven- 
tion; 

Fig. 2 is a block diagram of a coordinate input 
apparatus according to the present invention; 
Fig. 3 is a block diagram of an operation/control 
circuit of a first embodiment of the present in- 
vention; 

Fig. 4 is a timing chart for signal processing; 
Fig. 5 is a block diagram of a signal detection 
circuit; 

Fig. 6 illustrates the relation between the dis- 
tance between the pen and the sensor and the 
delay time; 

Fig. 7 illustrates calculation of a coordinate; 
Figs. 8(a), 8(b) and 8 (c) illustrate the shapes of 
normally employed piezoelectric elements; 
Figs. 9(A) and 9(B) show a second embodiment 
of the present invention; 

Figs. 10(A) and 10(B) show comparison between 
the element according to the present invention 
and a conventional element; 
Figs. 11(A) and 11(B) shows a third embodiment 
of the present invention; and 
Fig. 12 shows detection signal waveforms ob- 
tained in the second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will now 
be described with reference to the accompanying 
drawings. 

Fig. 1 illustrates the layout of a sensor. In this 
embodiment, the piezoelectric sensor according to 
the present invention is applied to a coordinate 
input apparatus. 

Referring to Fig. 1, reference numeral 6 de- 
notes a piezoelectric vibrator (piezoelectric sensor) 
serving as vibration detection means. In this em- 
bodiment, a prismatic longitudinal vibrator (whose 
length in the direction of polarization is longer than 
the size of an electrode surface (the length of one 
side of the electrode surface)) is used. As shown in 
Fig. 1, one of the surfaces of the piezoelectric 
element which is parallel to the direction of po- 
larization (which is the surface perpendicular to the 
electrode surface of the piezoelectric surface) is 
fixed to and disposed on a vibration transmitting 
plate 8 serving as a coordinate input surface by, for 



example, adhesion. Reference numeral 7 denotes a 
vibration proof material for attenuating reflected 
waves of the vibrations input by a vibration input 
pen (not shown) which are reflected by an end 
5 surface of the vibration transmitting plate 8. Refer- 
ence symbol A denotes a coordinate input effective 
area where the user can input a coordinate. 

The properties of a piezoelectric material will 
be explained below. The element for detecting vi- 

w brations effectively has limitations to the shape 
thereof, as mentioned above. In addition to this, 
since the element is designed to produce an elec- 
trical output as a consequence of mechanical vibra- 
tions thereof, it is generally used in a state wherein 

75 the resonance frequency thereof coincides with the 
frequency of vibrations to be detected. That is, in 
the case of a longitudinal vibrator, since vibrations 
are detected effectively utilizing the resonance of 
the element, if the frequency of the vibrations to be 

20 detected is determined, the longitudinal length of 
the element (the length of the element in the direc- 
tion of polarization) is determined (on the basis of 
the material of the element). Consequently, dis- 
placement of the element in the longitudinal direc- 

25 tjon thereof is obtained as an electrical output. 

In a coordinate input apparatus employing the 
longitudinal vibrator, since expansion and contrac- 
tion of the element in the longitudinal direction is 
converted into an electrical output, the element 

30 must be constructed such that it has no mechanical 
restriction in the longitudinal direction thereof. Ac- 
cordingly, the element is fixed to the object to be 
measured at its electrode surface. However, the 
present inventors conducted experiments using a 

35 coordinate input apparatus (whose longitudinal vi- 
brator is fixed at its surface parallel to the direction 
of polarization), and found that a sufficiently high 
output signal is obtained. The present invention is 
based on that knowledge. 

40 In the thus-arranged coordinate input appara- 

tus, extension of the electrodes from the piezoelec- 
tric element is facilitated (that is, formation of the 
electrodes having a complicated shape, which 
would be otherwise required to extend the elec- 

45 trodes from the element, or formation of a conduc- 
tive pattern on the vibration transmitting plate 8 in 
order to obtain electrical conduction to the element 
is eliminated), and an inexpensive apparatus can 
thus be provided. Further, since extension of the 

50 electrodes is conducted on a surface of the sensor 
which is perpendicular to the vibration transmitting 
plate 8, the shape of the sensor is determined by 
the thickness thereof, thus eliminating an increase 
in the thickness due to extension of the electrodes 

55 (in a case where the longitudinal vibrator is used in 
a conventional manner, since the electrodes are 
provided on the surfaces parallel to the vibration 
transmitting plate 8, extension of the electrodes, 
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e.g., soldering or pressing by a spring, increases 
the thickness of the sensor). Consequently, the 
thickness of the apparatus can be reduced. 

In this embodiment, a prismatic longitudinal 
vibrator is used. However, the type of vibrator is 
not limited to this and, for example, a hexagonal 
prismatic longitudinal vibrator may also be used. 

The structure of the coordinate input apparatus 
of this embodiment will be described below with 
reference to Fig. 2. 

In Fig. 2, reference numeral 1 denotes an op- 
eration/control circuit for controlling the entire ap- 
paratus and for calculating a coordinate position. 
Reference numeral 2 denotes a vibrator driving 
circuit for driving a vibrator 4 incorporated in a 
vibration pen 3 under a control of the opera- 
tion/control circuit 1 to generate vibrations. The 
generated vibrations propagate to a pen point 5. At 
that time, if the vibration pen 3 is in contact with 
the coordinate input effective area (hereinafter re- 
ferred to as the effective area, the area indicated 
by A), the vibrations (sound waves) propagate from 
the contact position in all directions through the 
vibration transmitting plate. The vibration transmit- 
ting plate 8 is a transparent member made of, for 
example; an acrylic resin or glass. 

The vibrations input by the vibration pen 3 are 
reflected by the end surface of the vibration trans- 
mitting plate 8. The vibration proof member 7 for 
preventing return of the reflected vibrations to the 
central portion of the vibration transmitting plate 8 
is provided on an outer periphery thereof. As 
shown in Fig. 2, vibration sensors 6a through 6d 
each made of a piezoelectric element (which may 
be pzt) for converting mechanical vibrations into an 
electrical signal are fixed on the peripheral portion 
of the vibration transmitting plate 8. The signal 
from each vibration sensor is amplified by an am- 
plifying circuit (not shown). The amplified signal is 
sent to a signal waveform detecting circuit 9. The 
output signal of the signal waveform detecting cir- 
cuit 9 is sent to the operation/control circuit 1 to 
calculate a coordinate. The signal detecting circuit 
9 and the operation/control circuit 1 will be de- 
scribed in detail later. 

Reference numeral 1 1 denotes a display, such 
as a liquid crystal display, capable of display in 
dots. The display 1 1 is disposed at the rear of the 
vibration transmitting plate. When driven by a dis- 
play driving circuit 10, the display 11 displays dots 
at positions of the vibration transmitting plate 8 at 
which the vibration pen 3 is brought into contact 
therewith. The user can see the dots through the 
vibration transmitting plate 8 (if it is made of a 
transparent member, such as a glass). The locus of 
the vibration pen 8 may also be displayed by the 
movement of a cursor. 



The vibrator 4 incorporated in the vibration pen 
3 is driven by the vibrator driving circuit 2. The 
vibrator driving circuit 2 amplifies the driving signal 
for the vibrator 4 supplied as a low-level pulse 
5 signal by the operation/control circuit 1 with a pre- 
determined gain, and applies a resultant signal to 
the vibrator 4. 

The vibrator 4 converts the electric driving sig- 
nal into mechanical ultrasonic vibrations. The gen- 
w erated vibrations are transmitted to the vibration 
transmitting plate 8 through the pen point 5. 

The vibration frequency of the vibrator 4 is set 
to a value which assures generation of a Lamb 
wave in the vibration transmitting plate 8 made of, 
75 for example, glass. At that time, effective vibration 
conversion is assured by setting the resonance 
frequency of the vibrator 4 containing the pen point 
5 at the vibration frequency of the vibrator 4. 

The elastic wave transmitted to the vibration 
20 transmitting plate 8 in the manner described above 
is a Lamb wave which has an advantage in that it is 
less affected by damage or an obstacle on the 
surface of the vibration transmitting plate 8 as 
compared with the surface wave. 

25 

( Control Circuit > 

The operation/control circuit 1 outputs a signal 
for driving the vibrator 4 in the vibration pen 3 to> 

30 the vibrator driving circuit 2 at predetermined time 
intervals (which may be at every 5 ms). Also, the 
operation/control circuit 1 starts counting a time by 
an internal timer (which may be a counter) when it 
outputs a signal. The vibrations generated by the 

35 vibration pen 3 reach the vibration sensors 6a 
through 6d. The arrival time differs depending on 
the distance from the vibration pen 3 to each of the 
vibration sensors. 

The vibration wave detecting circuit 9 detects 

40 the signal from each of the vibration sensors 6a 
through 6d and conducts the waveform detection 
process on the signal to generate a signal repre- 
senting the timing at which the vibrations has 
reached the vibration sensor. The operation/control 

45 circuit 1 receives the signal for every sensor, and 
detects the time it has taken for the vibrations to 
reach each of the vibrations sensors 6a through 6d 
and thereby calculates the coordinate position of 
the vibration pen. 

so Further, the operation/control circuit 1 drives 

the display driving circuit 10 on the basis of the 
calculated position data on the vibration pen 3 to 
control display by the display 11, or outputs the 
coordinate to an external apparatus by serial or 

55 parallel communications (not shown). 

Fig. 3 is a block diagram illustrating the opera- 
tion/control circuit 1. The components and opera- 
tion of the operation/control circuit 1 will be de- 
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scribed below. 

In Fig. 3, reference numeral 31 denotes a 
micro computer for controlling the operation/control 
circuit 1 and the entirety of the coordinate input 
apparatus. The micro computer 31 contains a 
counter (not shown), a ROM for storing the opera- 
tion procedures, a RAM used for, for example, 
calculations, a non-volatile memory for storing con- 
stants or the like, and so on. Reference numeral 33 
denotes a timer (which may be a counter) for 
counting a reference clock (not shown). The timer 
33 starts counting the time when it receives the 
starting signal instructed by the operation/control 
circuit 1 to the vibrator driving circuit 2 to start the 
drive of the vibrator 4 in the vibration pen 3, 
whereby start of the counting and detection of 
vibrations by the vibration sensor are synchronized 
to measure the delay time it takes for the vibrations 
to be detected by each of the sensors 6a through 
6d. 

The timing signals from the vibration sensors 
6a through 6d, output from the signal waveform 
detecting circuit 9, are respectively input to latch 
circuits 34a through 34d through a detection signal 
input port 35. The latch circuits 34a through 34d 
correspond to the vibration sensors 6a through 6d, 
respectively. When the latch circuit receives the 
timing signal from the corresponding sensor, it 
latches the counted value counted by the timer 33 
at that time. A determining circuit 36 determines 
whether or not all the detection signals are re- 
ceived. If all the detection signals are received, the 
determining circuit 36 informs that to the micro 
computer 31. Upon receipt of the signal from the 
determining circuit 36, the micro computer 31 
reads out, from the latch circuits 34a through 34d, 
the times it has taken for the vibrations to reach the 
vibration sensors and performs predetermined cal- 
culations to calculate the coordinate position of the 
vibration pen 3 on the vibration transmitting plate 8. 
The calculated coordinate position data is output to 
the display driving circuit 10 through an I/O port 37 
to display, for example, a dot at a position cor- 
responding to the position data on the display 11. 
The calculated coordinate position data may also 
be output to an interface circuit through the I/O port 
37 to output the coordinate value to an external 
apparatus. 

< Detection of Vibration Transmission Time > 

Fig. 4 shows the detection waveforms input to 
the vibration waveform detecting circuit 9, and illus- 
trates the process for measuring the vibration 
transmission time based on the detected 
waveforms. The vibration transmission time mea- 
suring process for the vibration sensor 6a will be 
described below with reference to Fig. 4. The same 



process is employed for the other vibration sensors 
6b, 6c and 6d. 

As mentioned above, the measurement of the 
vibration transmission time regarding the vibration 
5 sensor 6a starts concurrently with the output of the 
starting signal to the vibrator driving circuit 2. At 
that time, the vibrator driving circuit 2 applies a 
driving signal 41 to the vibrator 4. The ultrasonic 
vibrations transmitted from the vibration pen 3 to 

io the vibration transmitting plate 8 by the signal 41 
progress to the vibration sensor 6a in a time cor- 
responding to the distance to the vibration sensor 
6a. The vibrations which have reached the vibration 
sensor 6a are detected by the sensor 6a. A signal 

75 indicated by 42 in Fig. 4 is the signal waveform 
detected by the vibration sensor 6a. 

Since the vibrations employed in the present 
embodiment are a Lamb wave, as mentioned 
above, a speed (a group velocity Vg) at which an 

20 envelope 421 of the detected waveform propagates 
and a speed (a phase speed Vp) at which a phase 
422 propagates differ from each other. Therefore, 
the relation between the envelope 421 and the 
phase 422 in the detected waveform varies accord- 

25 ing to the distance which the vibrations have propa- 
gated during the transmission. In this embodiment, 
a distance between the vibration pen 3 and the 
vibration sensor 6a is detected from both a group 
delay time Tg based on the group velocity Vg and 

30 a phase delay time Tp based on the phase velocity 
Vp. 

Fig. 5 is a block diagram of the vibration de- 
tecting circuit 9. The means for detecting the group 
delay time Tg and the phase delay time Tp will be 

35 described below with reference to Figs. 4 and 5. 

A pre-amplifying circuit 51 amplifies an output 
signal 42 of the vibration sensor 6a to a predeter- 
mined level. A band-pass filter 511 attenuates an 
unnecessary frequency component of the amplified 

40 signal to produce a signal 44. The sound speed at 
which the envelope of the signal 44 propagates is 
the group velocity Vg. The delay time tg asso- 
ciated with the velocity speed Vg can be obtained 
by detecting a special point on the signal 

45 waveform, e.g., a peak or an inflection point of the 
envelope. Hence, the signal amplified by the pre- 
amplifying circuit 51 and passed by the band-pass 
filter 511 is input to an envelope detecting circuit 
52 constituted by, for example, an absolute value 

so circuit and a low-pass filter, to take out only an 
envelope 45 of the detection signal. A gate signal 
generating circuit 56 constituted by, for example, a 
multivibrator, forms a gate signal 46 of a portion of 
the envelope 45 which exceeds a preset threshold 

55 level 441 . 

As mentioned above, the group delay time tg 
associated with the group velocity Vg is detected 
by detecting the peak or the inflection point of the 
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envelope. In this embodiment, the first inflection 
point (a zero cross point of the fall of a signal 43 
which will be described later) of the envelope is 
detected. The signal 45 output from the envelope 
detecting circuit 52 is input to an envelope inflec- 
tion point detecting circuit 53 to obtain a second 
differential waveform 43 of the envelope. A tg sig- 
nal detecting circuit 54 constituted by, for example, 
a multivibrator compares the differential waveform 
signal 43 with the gate signal 46 and forms, from 
the results of the comparison, a tg signal 46 as a 
delay time detecting signal for an envelope having 
a predetermined waveform. The formed tg signal 
49 is input to the operation/control circuit 1 . 

The phase delay time tp associated with the 
phase velocity Vp is detected by a tp signal detect- 
ing circuit 57 constituted by, for example, a zero 
cross comparator or a multivibrator. The tp signal 
detecting circuit 57 detects the zero cross point of 
the first rise of the portion of the phase signal 44 
generated while the gate signal 46 is generated. A 
signal 47 representing the phase delay time tp is 
supplied to the operation/control circuit 1 . 

The;, operation of the vibration detecting circuit 
9 which is associated with the vibration sensor 6a 
has been described above. The same circuit as 
that provided for the vibration sensor 6a may be 
provided for each of the other vibration sensors. 
Alternatively, a single common circuit may be pro- 
vided for the sensors which are selected on a time- 
division basis using an analog switch or the like. 

< Calculation of the Distance Between the Vibration 
Pen and the Sensor > 

The method of calculating the distance from 
the vibration pen to each of the vibration sensors 
from both the group delay time tg and the phase 
delay time tp will now be described. Fig. 6 sche- 
matically illustrates the relation between the group 
delay time tg and the phase delay time tp obtained 
in this embodiment and a distance L between the 
pen and the sensor. Since the detection wave is a 
Lamb wave in this embodiment, the group delay 
time tg does not exhibit excellent linearity. There- 
fore, a distance L, obtained as the product of the 
group delay time tg and the group velocity Vg in 
the manner shown in Equation (1), is not highly 
accurate. 

L = Vg • tg (1) 

Hence, to obtain a highly accurate coordinate, 
the distance is calculated on the basis of the phase 
delay time tp exhibiting excellent linearity using 
equation (2). 

L = Vp • tp + n • Xp (2) 



where Xp is the wavelength of an elastic wave, and 
n is an integer. In Equation (2), the first term of the 
right side indicates a distance L0 shown in Fig. 6, 

5 and a difference between an objective distance L 
and the distance L0 is therefore obtained as a 
factor of an integer of the wavelength (a width T * 
of a step on the time axis is a single period of the 
signal waveform 44. Therefore, T * = 1 /frequency. 

10 The width of the step in terms of the distance is 
the wavelength Xp). Thus, the distance L between 
the pen and the sensor can be accurately obtained 
by obtaining the integer n. From Equations (1) and 
(2), we have n by Equation (3): 

15 

n = [(Vg • tg - Vp • tp) / Xp ) 1/N] (3) 

where N is a real number other than "0". In a case 
where N = 2, if an error is ±1/2 wavelength, n can 

20 be obtained with a high degree of accuracy using 
the group delay time tg which does not exhibit 
excellent linearity. The distance L between the vi- 
bration pen 3 and the vibration sensor 6a can be 
obtained with a high degree of accuracy by insert- 

25 ing the thus-obtained n in Equation (2). 

Equation (2) is associated with the vibration 
sensor 6a alone. The distance between the vibra- 
tion pen 3 and each of the remaining vibration 
sensors 6b through 6d can be obtained similarly 

30 using the same equations. 

< Correction of the Circuit Delay Time > 

The vibration transmission time latched by the 
35 latch circuit contains both the phase circuit delay 
time etp and the group circuit delay time etg (see 
Fig. 6. the vibration transmission time also contains 
the time it takes for the vibrations to propagate in 
the pen point 5 of the vibration pen 3). Transmis- 
40 sion of the vibrations from the vibration pen 3 to 
the vibration transmitting plate 8 and then to the 
vibration sensors 6a through 6d generates the 
same amount of errors in the vibration transmission 
time. 

45 Hence, if a distance from a position of an origin 

O in Fig. 7 to, for example, the vibration sensor 6a 
is Ra (= sqr {(X / 2) 2 + (Y / 2) 2 }, see Fig. 7), the 
measured time it takes for the vibrations input to 
the origin O by the vibration pen 3 to transmit from 

so the actually measured origin O to the sensor 6a is 
tgO* and tpO*, and the time it takes for the vibra- 
tions from the origin O to the sensor through the 
medium is tgO and tpO, we have the relations 
expressed by the following equations: 

55 

tgO* = tgO + etg (4) 
tpO* = tpO + etp (5) 
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Regarding the actually measured values tg* 
and tp* at an arbitrary input point P, we have the 
similar relation expressed as follows: 

tg* = tg + etg (6) 

tp* = tp + etp (7) 

A difference between Equations (4) and (6) and 
that between Equations (5) and (7) are obtained by 
the following equations: 

tg* - tgO* = (tg + etg) - (tgO + etg) = tg - tgO 
(8) 

tp* - tpO* = (tp + etp) - (tpO + etp) = tp - tpO 
(9) 

In this way, the phase circuit delay time etp and 
the group circuit delay time etg contained in the 
transmission time can be removed, and a true 
difference in the transmission delay time, corre- 
sponding to the distance from the position of the 
origin O to the input point P with the position of the 
sensor 6a as a point, can thus be obtained. A 
difference in the distance between the input point P 
and the sensor 6a can be obtained using Equations 
(1), (2) and (3). That is, we have 

tg = tg*- tgO* (10) 

tp = tp* - tpO* (11) 

The distance can be calculated using Equations 
(1), (2) and (3), and the distance Ra from the 
vibration sensor 6a to the origin O is added to the 
calculated value to obtain the distance between the 
vibration input pen 3 and the vibration sensor 6a. 

Since the distance from the vibration sensor 6a 
to the origin O is stored in the non-volatile memory 
or the like beforehand, the distance between the 
vibration pen 3 and the vibration sensor 6a can be 
determined. Similar operations are conducted re- 
garding the other sensors 6b through 6d. 

The actually measured values at origin O, tgO* 
and tpO*, and the distances from the sensors to the 
origin O, Ra through Rd (in this embodiment, Ra = 
Rb = Rc = Rd), are stored in the non- volatile 
memory before, for example, shipment, and Equa- 
tions (8) and (9) are executed before the calcula- 
tions expressed by Equations (1), (2) and (3) to 
obtain highly accurate distances. 

( Calculation of Coordinate Position > 

The principle of the detection of the coordinate 
position on the vibration transmitting plate 8 by the 



vibration pen 3 will be described below. As shown 
in Fig. 7, when the four vibration sensors 6a 
through 6d are provided at the positions indicated 
by S1 through S4 on the four corners of the vibra- 

5 tion transmission plate 8, the distances da through 
dd between the position P of the vibration pen 3 to 
the vibration sensors 6a through 6d can be ob- 
tained on the basis of the aforementioned principle. 
Thereafter, the operation/control circuit 1 calculates 

w the coordinate (x, y) of the position P of the vibra- 
tion pen 3 on the basis of the distances da through 
dd using Pythagorean theorem as follows: 

x = (da + db) • (da - db) / 2X (12) 

75 

y = (da + dc) • (da - dc) / 2Y (13) 

where X and Y are the distance between the vibra- 
tion sensors 6a and 6b and the distance between 
20 the vibration sensors 6c and 6d, respectively. In 
this way, the coordinate of the position of the 
vibration pen 3 can be detected on a real time 
basis. 

In this embodiment, although there are four 

25 sensors in total, the above-described calculations 
are performed using the distance data to the three 
sensors. The distance data of the remaining one 
sensor is used to examine the probability of the 
output coordinate. The coordinate may also be 

30 calculated using the three sensors without using 
the distance data of the sensor having, for exam- 
ple, the largest distance L (an increase in the 
distance L reduces the level of the detection signal 
and thus increases the probability that the detec- 

35 tion signal is affected by noises). Further, although 
four sensors are provided and three sensors alone 
are used to calculate the coordinate in this embodi- 
ment, calculation of the coordinate is geometrically 
enabled if there are at least two sensors. The 

40 number of sensors provided can be set according 
to the specification of the product. 

< Second Embodiment ) 

45 Figs. 9(A) and 9(B) illustrate the layout of the 

sensor in a second embodiment of the present 
invention. In Fig. 9, reference numeral 6 denotes a 
piezoelectric vibrator (piezoelectric sensor) serving 
as the vibration detection means. In this embodi- 

50 ment, the vibrator has a prismatic shape, and the 
piezoelectric element is fixed to the vibration trans- 
mission plate 8 serving as the coordinate input 
surface by, for example, adhesion at one of its 
surfaces parallel to the direction of polarization. 

55 Reference numeral 7 denotes a vibration proof 
member. Reference numeral 8 denotes a vibration 
transmitting plate. 
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In this embodiment, the surface of the element 
that the element is adhered is substantially square, 
as shown in Figs. 9 (A) and 9 (B). In this way, the 
resolution with which the coordinate input appara- 
tus detects the coordinate can be improved. More 
specifically, the vibration input pen 3 instructs any 
point in the area indicated by A, and the input 
vibrations thus reach the sensor from many direc- 
tions. The substantially square surface of the ele- 
ment is advantageous to reduce the errors in the 
transmission delay time generated by a difference 
in the direction as much as possible (a difference 
in the direction is called directivity. Normally, the 
directivity is removed by using a columnar piezo- 
electric element. However, in this invention, the use 
of a columnar element is inconsistent with the 
purpose of the invention, and an influence of the 
difference in the direction is reduced as much as 
possible by reducing the size of the element and 
by making the adhering surface square). 

As mentioned above, there are restrictions of 
the shape of the element in order to achieve effec- 
tive detection of vibrations. Particularly, in the case 
of a substantially square piezoelectric element, 
such as that shown in Fig. 9 (B), the longitudinal 
resonance frequency associated with the longitudi- 
nal effect is substantially equal to the lateral reso- 
nance frequency associated with the lateral effect. 
Thus, the piezoelectric element shown in Fig. 9 (B) 
is conventionally regarded as an ineffective ele- 
ment. However, the present inventors conducted 
experiments using such an element by adhering 
the surface thereof parallel to the direction of po- 
larization to the vibration transmission plate, and 
found that a sufficient output signal could be ob- 
tained. 

The numerical conditions of the experiment are 
as follows: a chemically strengthened crown glass 
having a thickness of 1.35 mm was used as the 
vibration transmitting plate 8. The frequency of the 
vibrations produced by the input pen 3 was 500 
kHz. The output levels of different types of sensors 
6 were compared. Fig. 10 shows sensors actually 
employed for comparison. Fig. 10 (A) shows a 
radial vibrator 15 having a conventional shape. This 
piezoelectric element is fixed to the vibration trans- 
mitting plate at one of its electrode surfaces by 
adhesion. One of the electrodes thereof is made 
electrically conductive by soldering a lead directly 
to the element. The other electrode is made elec- 
trically conductive by forming a conductive pattern 
on the vibration transmitting plate 8 using a con- 
ductive ink and by connecting a lead to the con- 
ductive pattern. The used conductive ink was 
Dotite FC-403 manufactured by Fujikura Kasei 
Kabushiki Kaisha. The thickness of the ink was 
about 30 urn. 



The sensor shown in Fig. 10 (B) is a piezoelec- 
tric element according to the present invention 
having a square shape with one side of 1.5 mm. 
The piezoelectric element shown in Fig. 10 (B) is 

5 fixed by adhesion to the vibration transmitting plate 
8 at its surface parallel to the direction of polariza- 
tion. Thus, the electrode surface thereof is per- 
pendicular to the vibration transmitting plate 8. 
Consequently, extension of the electrode is facili- 

10 tated, and the provision of, for example, the con- 
ductive pattern 16 is not necessary. 

The present inventors compared the signal lev- 
el between the sensors shown in Figs. 10 (A) and 
10 (B) (under the same conditions except for the 

15 sensor and the electrode extending method), and 
found that the signal level of the sensor according 
to the present invention is about 80 to 100 % of 
that of the conventional sensor shown in Fig. 10 
(A). Fig. 12 shows the signal waveforms obtained 

20 by the sensor according to the present invention. 
The signal 41 for driving the vibration pen 3 and 
the detection signal waveform 42 are shown in Fig. 
12. The present inventors have determined from 
the sound speed at which the wave propagates in 

25 the vibration transmitting plate 8, obtained from the 
detected signal (obtained from the relation between 
the wave delay time and the distance (shown in 
Fig. 6)), that the detected signal is a Lamb wave 
having an asynchronous basic mode. This proves 

30 that the sensor shown in Fig. 10 (B) can be em- 
ployed as the vibration detection means for the 
coordinate input apparatus which utilizes a Lamb 
wave. In other words, it has been found that the 
Lamb wave propagating in the object to be mea- 

35 sured can be detected at a sufficient level by 
disposing the piezoelectric sensor in the manner 
shown in Fig. 10 (B). 

The phase speed Vp of the Lamb wave was 
about 2200 m/sec and the frequency was 100 kHz. 

40 Thus, the wavelength Xp of the sound wave is 
about 4.4 mm. In order to improve the detection 
resolution of the coordinate input apparatus, the 
size of the sensor must be sufficiently small rela- 
tive to the wavelength Xp (= 4.4 mm). However, 

45 too small a sensor causes problems involving as- 
sembly and manufacture of the element. Thus, the 
sensor employed in this embodiment has a square 
shape one side of which is about 1.5 mm. 

In the conventional sensor shown in Fig. 10 

so (A), the printed conductive pattern 16 is disposed 
between the vibration transmitting plate 8 and the 
radial vibrator 15. The conductive pattern 16 is an 
ineffective material in terms of the transmission of 
vibrations (which greatly attenuates a sound wave) 

55 as compared with metal or glass. Thus, much of 
the sound wave may be attenuated by the printed 
pattern and does not reach the radial vibrator 15. In 
other words, even if the effective radial vibrator is 
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employed as the vibration sensor, since the elec- 
trode extension means generates a loss, effective 
detection of vibrations is not assured. In contrast, in 
the method of disposing the vibration sensor ac- 
cording to the present invention which is slightly 5 
less effective than the conventional method, since 
no loss is generated, substantially the same signal 
output level as that obtained by the conventional 
sensor can be obtained. 

w 

< Third Embodiment > 

Fig. 11 illustrates the layout of the sensor in a 
third embodiment of the present invention. 

In Fig. 11, reference numeral 6 denotes a pi- 75 
ezoelectric vibrator (piezoelectric sensor) serving 
as the vibration detection sensor. In this embodi- 
ment, the piezoelectric vibrator has a prismatic 
shape, and is fixed by adhesion to an end surface 
of the vibration transmitting plate 8 serving as the 20 
coordinate input surface at one of its surfaces 
parallel to the directions of polarization thereof 
(which is the surface thereof perpendicular to the 
electrode surface thereof). As in the case of the 
aforementioned embodiment, the adhered surface 25 
of the element has a substantially square shape 
and the length of one side of the square is made 
equal to the thickness of the vibration transmitting 
plate 8 in order to improve the resolution with 
which the coordinate input apparatus outputs the 30 
coordinate, as shown in Figs. 11 (A) and 11 (B). 
The length of one side of the square can be set to 
any value if that value is sufficiently small as com- 
pared with the wavelength of the wave to be de- 
tected. 35 

Further, since the piezoelectric vibrator serving 
as the vibration detection means is disposed on the 
end surface of the vibration transmitting plate 8, the 
thickness of the entire coordinate input apparatus 
can be reduced, enabling the apparatus to be ap- 40 
plied, for example, to a pen input computer which 
may be hand-held. More specifically, in a case 
where the output device, such as a display, is 
disposed below the coordinate input apparatus, the 
vibration detection means is disposed on a side of 45 
the apparatus which is opposite to the coordinate 
input surface. In this case, space for accommodat- 
ing the sensor is required. Accordingly, the gap 
between the input surface of the output device is 
increased, making the position at which vibrations 50 
are actually input shift from the position at which 
the coordinate is displayed depending on the posi- 
tion from which the operator views the apparatus. 
Consequently, operability of the apparatus deterio- 
rates. In order to avoid this problem involving an 55 
increase in the gap between the input surface and 
the output device, the sensor may be disposed 
outside of the output device. In this case, the size 



of the input device becomes large as compared 
with the size of the output device, making the 
apparatus less handy. Alternatively, the sensor may 
be disposed on the same level as the input device 
to avoid the problem. In this case, an upper casing 
or the like for protecting the sensor is necessary. 
This increases the height of the apparatus, making 
the input device less operable. When the sensor is 
disposed on the end surface of the vibration trans- 
mitting plate 8 and is adhered to the vibration 
transmitting plate 8 at its surface parallel to the 
directions of polarization, as shown in Fig. 11, it is 
possible to provide a coordinate input apparatus 
which facilitates electrical conduction of the sensor, 
is inexpensive and exhibits excellent operability. 

As mentioned above, in this embodiment, since 
the prismatic piezoelectric element is used and the 
piezoelectric element is fixed to the object to be 
measured at its surface parallel to the direction of 
polarization, direct conduction of the piezoelectric 
element is enabled for detection of vibrations. Con- 
sequently, extension of the electrode from the pi- 
ezoelectric element is facilitated, and production 
cost is reduced. That is, it is not necessary for the 
shape of the electrode to be made complicated or 
for a conductive layer to be provided on the object 
to be measured. The structure is simplified, and 
the sound wave, particularly, the Lamb wave which 
propagates in the object to be measured can be 
detected at sufficient sensitivity. 

The coordinate input apparatus employing 
such a piezoelectric sensor has the following ad- 
vantages. 

Since the prismatic piezoelectric element is 
used as the vibration detection means and the 
piezoelectric element is fixed to the object to be 
measured at its surface parallel to the direction of 
polarization, direct conduction of the piezoelectric 
element is enabled to detect vibrations. Conse- 
quently, extension of the electrode from the piezo- 
electric element is facilitated, and production cost 
is reduced. Furthermore, since at least one pair of 
surfaces parallel to the direction of polarization in 
the longitudinal or thickness piezoelectric element 
are substantially square, highly accurate coordinate 
calculation can be performed without reducing the 
accuracy with which the coordinate is calculated by 
the coordinate input apparatus. 

Further, since extension of the electrode can 
be performed on the surface perpendicular to the 
vibration transmitting plate, the thickness of the 
portion of the apparatus where the sensor is pro- 
vided is determined by the shape of the sensor. 
Consequently, an increase in the thickness of the 
apparatus due to extension of the electrode can be 
eliminated, thus reducing the entire thickness of 
the apparatus. 
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As will be understood from the foregoing de- 
scription, the piezoelectric sensor according to the 
present invention is capable of effectively detecting 
the vibrations, particularly, the elastic Lamb wave 
which propagates in the object to be measured 
without requiring the object to be measured to be 
constructed in a special way, enables the thickness 
containing the object to be measured to be re- 
duced, and can be manufactured at a low cost. 

The coordinate input apparatus according to 
the present invention is capable of effectively de- 
tecting vibrations, particularly, a Lamb wave without 
using a coordinate input plate constructed in a 
special way, enables the thickness thereof to be 
reduced, and is capable of detecting a coordinate 
at low cost and with a high degree of accuracy. 



5. The coordinate input apparatus according to 
claim 3, wherein said piezoelectric sensor 
comprises a longitudinal vibration element. 

5 6. A piezoelectric sensor for attachment to an 
object in which plate vibrations propagate com- 
prising: 

a prismatic shaped body having a first 
surface fixed to a surface of the object; and 
w an electrode on a second surface of the 

prismatic shaped body perpendicular to the 
first surface. 



75 



Claims 



1. A piezoelectric sensor fixed to an object to be 20 
measured to detect Lamb wave vibrations 
which propagate in said object to be mea- 
sured, said sensor having a prismatic shape, 
and said sensor being fixed to said object to 
be measured at a surface of the object sub- 25 
stantially perpendicular to an electrode surface 
of the sensor. 



2. The piezoelectric sensor according to claim 1, 

wherein said surface of said sensor fixed to 30 
said object to be measured is substantially 
square. 



3. A coordinate input apparatus including a vibra- 
tion transmitting plate, vibration generation 35 
means brought into contact with said vibration 
transmitting plate to instruct a coordinate posi- 
tion, and a plurality of piezoelectric sensors 
fixed to said vibration transmitting plate at pre- 
determined positions, said apparatus detecting 40 
vibrations which propagate in said vibration 
transmitting plate by said plurality of piezo- 
electric sensors and producing a position in- 
structed by said vibration generation means on 
the basis of a detected vibration transmission 45 
delay time, 

wherein said piezoelectric sensor is pris- 
matic, and is fixed to an object to be measured 
at a surface of the object which is substantially 
perpendicular to an electrode surface of the 50 
sensor. 



4. The coordinate input apparatus according to 
claim 3, wherein said surface said sensor fixed 
to said object to be measured is substantially 55 
square. 
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